This study was used to evaluate the wind energy potential of a meteorological site in Gusau, the capital city of Zamfara state, in Nigeria. Twenty-one years (1987 
INTRODUCTION
Recently, concerns over the environment's quality have become subjects of global discussion, prompting various legislations, debates, and declarations. A majority of the arguments have favored the reduction of anthropogenic emissions that are deleterious to the environment. These emissions have been found to include various gases that have direct or indirect effects on the ozone layer and in the process interfere with the self-cooling ability of the natural atmosphere, thereby causing the phenomenon of global warming and climate change. Major sources of these anthropogenic emissions have been linked to processes relating to transportation, industrial and domestic activities, and energy production (Ajayi, 2008; Nsikak and Ajayi, 2008) . Moreover, global energy production over the years has been dependent to a large extent on fossil fuels in the form of coal, oil, and natural gas. An estimation reveals that worldwide sources of energy generation ranges, in order of popularity, from fossil fuels (65%), hydro power (17%), and nuclear power (16%) to renewable resources (2%) of solar, wind, and biomass (Stiebler, 2008) . Assessing each of these sources has shown that dependence on fossil fuels for power generation leads to the production of harmful byproducts that have been found to be environmentally unfriendly and possess abilities to create negative impacts on human health systems. While wastes from nuclear power are often strongly radioactive and extremely dangerous when not properly discarded, hydropower and other renewable resources are clean sources of energy that are environmentally friendly and actively abundant when the correct technologies for its application are deployed (Rehman and Ahmad, 2004) . Wind as a source of renewable energy is pivotal to developing a sustainable energy system for national and community consumption.
Wind as a source of renewable energy production is gradually becoming popular throughout the world (Oztopal et al., 2000) ; its annual expansion rates have been reported to be between 25 and 35% (Kamau et al., 2010) . Countries beginning to follow the line of Denmark and Germany are furthering the frontier of energy production by adopting wind energy as an alternative to fossil fuel and nuclear power sources and will invariably lower the emission of greenhouse gases (Albadi et al., 2009) . Currently, Nigeria is also beginning to pay attention to wind energy resource assessment for power generation. The government and some private individuals have begun looking into ways of harnessing the abundant but widely variable wind resource potential of the country (Adekoya and Adewale, 1992; Fagbenle and Karayianis, 1994; ECN-UNDP, 2005; Bugaje, 2006; Asiegbu and Iwuoha, 2007; Ngala et al., 2007; Fadare, 2008; Ajayi, 2009) . The outcome of the findings revealed that the nation has the potential for wind energy-to-power projects. Moreover, the fluctuation in availability and distribution of wind resources is reported to be due to the varying topography and roughness of the country, leading to large differences in wind distribution within the same locality (ECN-UNDP, 2005) . Therefore, in order to have a proper wind classification of the country, work is required on as many sites as possible within the nation. Therefore, the purpose of this study is to further this work. It assessed the wind energy potential of a local measuring site in Gusau (12.10' N; 06.42' E), a capital city of Zamfara state, Nigeria, and carried out the monthly, seasonal, and yearly wind resource analyses. Attempts were also made to compare the measured data with the estimated data. The data employed were measured using cup generator anemometer at a hub height of 10 m. -one years (1987-2007) of monthly mean wind data for Gusau (altitude 463.9 m; air density 1.1715 kg/m 3 ) corresponding to 252 data points were sourced from the Nigeria Meteorological Department, Oshodi, Lagos State, Southwest Nigeria. Continuous three-hourly daily readings over the period considered were used and subjected to various statistical operations. The data were recorded continuously using cup generator anemometer at a height of 10 m. Figure 1 gives the annual data spread (separated to four different parts to avoid being cumbersome), while Fig. 2 gives the monthly distribution of the mean speeds for the period. Figures 3  and 4 give the monthly average and average annual distributions of the mean speeds, respectively, for the 21-year period.
MATERIALS AND METHODS

Twenty
Statistical Analysis
The statistical analysis of wind speed variations was carried out in accordance with the literature (Sulaiman et al., 2002; Montgomery and Runger, 2003; Akpinar and Akpinar, 2005; Hau, 2006; Tina et al., 2006; Fadare, 2008; Albadi et al., 2009) , where the Weibull two-parameter probability density function (PDF), with shape parameter k and scale parameter c, has been found to be applicable in describing a wide collection of wind speed data. This two-parameter PDF is given by
where f(v) is the probability of observing wind speed v, k is the dimensionless Weibull shape parameter, and c (m/s) is the Weibull scale parameter. The corresponding Weibull cumulative distribution function (CDF) is given as
where F(v) is the cumulative distribution function of observing wind speed v. However, Eq. (2) can be translated into a linear form of y = mx + C as (Sulaiman et al., 2002; Albadi et al., 2009) 
Thus plotting a graph of ln [-ln [1 -F(v) ]] on the vertical against ln v on the abscissa gives the shape (k) and scale (c) parameters of the Weibull distribution by evaluating the slope and intercept on the vertical axis. However, due to the size of the dataset and the repetitive nature of the evaluation, a computer program using Visual Basic for application programming language was developed for the purpose, and the degree of precision of the result was found to be consistent up to the fourth decimal place.
The mean value of the wind speed v m and standard deviation σ for the Weibull distribution is defined in terms of the Weibull parameter k and c as (Feretic et al., 1999; Montgomery and Runger, 2003; Akpinar and Akpinar, 2005) 
and where Γ( ) is the gamma function of ( ).
Site-Specific Wind Speeds
There are two wind speeds that are of utmost interest to wind resource assessors. These are the maximum energy-carrying wind speed (v Emax ) and the most probable wind speed (v mp ). While the former is described as the wind speed carrying maximum wind energy, the latter represents the modal wind speed for the given wind distribution. They are given as
and
Estimation of Wind Power Density
The available power in the wind that is flowing at speed v through a wind rotor blade with swept area A (m 2 ) is known to increase as the cube of its speed (Feretic et al., 1999; Oztopal et al., 2000; Albadi et al., 2009 ), i.e.,
International Journal of Energy for a Clean Environment
104
Ajayi et al.
The wind power density per unit area, based on the Weibull PDF, can be obtained from
where p is the wind power density (W/m 2 ), and ρ is the air density at the site.
Prediction Performance of the Weibull Distribution Model
The prediction accuracy of the Weibull distribution model in the estimation of the wind speeds with respect to the actual values were evaluated based on the coefficient of determination R 2 and the Nash-Sutcliffe model coefficient of efficiency (COE) (Montgomery and Runger, 2003; Krause et al., 2005) , and given by and where y i is the ith actual data, x i is the ith predicted data with the Weibull distribution, y _ and x _ are the mean of the actual and predicted data, respectively, while N is the number of observations. The prediction accuracy of the Weibull model based on the interpretations of the values of R 2 and COE can be given as the closer to one (or 100%) of the values of R 2 and COE -the better the prediction, the more accurate the model representation.
Suitability/Goodness-of-Fit Test
To ascertain the compatibility of the mean measured data to Weibull distribution, the Kolmogorov-Smirnov (K-S) goodness-of-fit test (Omotosho et al., 2010) was employed to measure the absolute difference between the measured distribution function F * (x) and the Weibull distribution function F(x) (Tina et al., 2006) . The expression for the K-S test is given as 
where n is the sample size. From the value of d the P value of the K-S goodness of fit could be obtained using the relationship given by Therefore, at a significance level α = 0.05, the P value can be compared directly with α to test the hypotheses as
where H 0 is the null hypothesis such that the two-parameter Weibull distribution is suitable at explaining the situation of wind speed profiles in Gusau, and H A is the alternative hypothesis explaining otherwise. sup −∞ < x < ∞ ⏐ • ⏐ is the maximum limit of the absolute difference of the distribution ⏐ • ⏐ .
RESULTS AND DISCUSSION
Observing Figs. 1 and 2 revealed that monthly wind speeds vary widely across the years, with the lowest in the series of wind speed variation occurring generally between August and November and also in the year 2005. Figure 2 further showed that there was a general decline in the magnitude of wind speed profiles of the site across the years considered with only a few exceptions. The magnitudes of the monthly mean measured wind speeds from January to December across the whole 21-year period lay within the range 1.7-15.2 m/s, and those of the seasons from dry (October to March) to wet (April to September) every year lay within the range 1.7-15.2 and 2.6-9.5 m/s, respectively, at 10 m height. The frequency of occurrence of the mean measured monthly data (Fig. 3) showed that only 16 of 252 data fell below 4.1 m/s, while over 70% of the data were values between 4.1 and 8.0 m/s, and 11.5% of the data were values that ranged between 8.1 and 10.0 m/s. However, the exact fluctuations of the wind speed profiles were determined by evaluating the 21-year average of all monthly and yearly mean wind speeds of showed that similar trends that were observed from Figs. 1and 2 were also observed across the months and years. Figure 4 revealed that the average monthly mean wind speed ranged between 3.6 and 7.5 m/s, while Fig. 5 revealed that the
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average annual mean speed values ranged between 4.8 and 8.1 m/s. In addition, the period of highest potential for wind energy harvest lay between January and June, while January appeared to be the month with the greatest potential. The average monthly mean wind speed variation ranged from 3.6 (in October) to 7.5 m/s (in January). Seasonally, the dry season (average mean wind speed ranged between 3.6 and 7.5 m/s) appeared to have the higher potential for wind energy harvest than the wet season (average mean wind speed ranged between 3.9 and 7.2 m/s), while the whole 21-year average of mean measured wind speed was 6.1 m/s (Fig. 6 ). Attempts were made using the K-S goodness-of-fit test to determine if the mean wind speed data distribution followed the Weibull two-parameter statistical distribution. The result gave K-S P values greater than 0.05 (Tables 1 and 2 ) across the period considered, signifying that the Weibull two-parameter statistical distribution was appropriate for analyzing the situation of wind profiles of Gusau. Based Tables 1 and 2 . The plots of the CDF and PDF for the whole data and seasons (shown in Figs. 7-10 ) clearly demonstrate that all the wind profiles for these periods follow the same cumulative distribution pattern. From Tables 1 and 2, the R 2 values for the whole result spread were from 0.9 to 1.0, except for January. Furthermore, the values of k and c from the analysis range between 3.3 ≤ k ≤ 7.9 and 4.0 ≤ c ≤ 8.3 for periodic and 2.6 ≤ k ≤ 6.5 and 5.4 ≤ c ≤ 9.1 for annual analyses, respectively. These high values of k and c (k ≥ 2 and c ≥ 2) indicate a data spread in the perfectly normal distribution (Montgomery and Runger, 2003) and also show that the data spread exhibits good uniformity with relatively small scatter (Lipson and Sheth, 1973; Albadi et al., 2009 ). According to Keyhani et al. (2010) , the scale parameter c indicates how windy a location under consideration is, whereas the shape parameter k indicates how peaked the wind distribution is. Thus if the wind speeds tend to be very close to a certain value, the distribution will have a high k value and is very peaked. Furthermore, the characteristic difference in the shapes of the monthly PDF plots were the result of Figure 7 further revealed that up to 75% of the monthly mean wind speeds were found to range between 4.4 and 8.4 m/s and below, while up to 80% of all the data had values ranged between 4.6 and 9.2 m/s and below. Figure 9 showed that 75% of the the seasonal and whole year's mean wind speeds data were found to be 7.3 m/s and below across the seasons and whole years, with over 80% of all the data having values ranging between 5 and 10 m/s or more. This means that if a wind turbine with cut in speed below 5 m/s is installed on this site, it would Tables 1 and 2 The observed fluctuations can be linked to the magnitudes of the measured wind speeds at these periods. This is because wind power density is directly related to the cube of wind speed. Thus small variations in wind speed produce bigger variations in wind power density. Moreover, the fact that the wind speeds at the post-1990 period are lower than those between 1987 and 1990 may be due to the issues which come with urban development. The location of the site is in the capital city of Zamfara state, and the development of the state has led to the erection of tall buildings and other windbreaks around the measuring site, which were not there pre-1991. These may likely be the cause of the decrease in wind speed data from the pre-1991 wind speed regime. However, installing wind turbines for power generation at the site may not be a major problem. This is because the turbines will be installed at heights which are invariably higher than 10 m. Thus the effects of windbreaks and tall buildings may not be an issue.
CONCLUSION
The assessment of wind power potential of a local meteorological site in Gusau, Zamfara state has been carried out. The data employed were those of monthly mean wind speeds, measured using a cup generator anemometer at a height of 10 m. These data were obtained from the Nigeria Meteorological Department, Oshodi, Lagos State and subjected to monthly, yearly, and seasonal analyses. The Weibull two-parameter statistical distribution was also fitted to the data. The result showed that the local site in Gusau, Zamfara state has a good wind profile that can support the development of wind farm technology for generating electricity from wind. It was estimated that up to between 1.6 and 7.9 MWh/m 2 of electric power can be generated per year. Therefore, the governments in their drive to improve electricity supply from clean and environmentally friendly sources can focus on the development of wind to power projects in and around Gusau. This study has further extended the assessment study of Nigeria's wind power potential. However, further analysis of the wind resource data were limited in that the Nigeria Meteorological Department does not store daily data of their wind speed measurements for public use, thus making it impossible to analyze for hourly, diurnal, and nocturnal patterns.
